Particle counts of influenza virus preparations were made by two independent techniques ; there was good agreement in the counts found by the two methods. Counts made on four strains of influenza virus and one strain of 'incomplete' virus showed that at the agglutination end-point there was about one virus particle per red cell. Parallel infectivity measurements of these strains made under optimal conditions showed that about ten virus particles corresponded to one ID 50.
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Saponin. One ml. 6 yo (w/v) saponin was used to lake 75 ml. of a 1 yo (v/v) suspension of red cells.
Sodium metaperiodate. Crystalline chemically pure NaIO, (2.14 g.) dissolved in 1OOOml. of phosphate buffered saline to give a stock solution of 0 . 0 1~. A dilution of 0 . 0 0 1~ was used to treat red cells.
Glycerol saline. Glycerol 1 yo (v/v) in phosphate buffered saline.
Broth saline. Bacteriological (Hedley-Wright) broth diluted with an equal volume of normal saline.
Red cells. Fowls were bled from the wing vein into sodium citrate solution, the red cells washed thrice in normal saline, stored at 4' and used within 3 days. For agglutination titrations the cells were made up in a 0.5y0 (v/v) suspension in normal saline calibrated in a photoelectric densitometer.
Methods

Preparation of virus for testing.
Precautions were taken to ensure that the virus used in these experiments was of high infectivity and was tested for infectivity under optimal conditions. Fertile eggs (10-day) were inoculated intra-allantoically with 0.05 ml. of a high dilution (von Magnus, 1946) , usually 10-5, of seed virus. The eggs were incubated at 35" and were harvested before the virus had reached its maximal titre in order to minimize deterioration in infectivity which might occur on prolonged incubation. Immediately after harvesting the infectivity and agglutination titres of the virus were measured, and some material was stored in capillary tubes at -65' for further tests at a later date. The remaining material was centrifuged lightly to remove tissue debris, dialysed overnight against distilled water and then used for spraying. Agglutination tests were carried out after centrifugation and dialysis so that any alteration in the concentration of virus as a result of these procedures could be observed. Usually there was no change in titre after centrifugation and dialysis, but sometimes a slight decrease in titre was found. In some experiments a large decrease in titre occurred after dialysis and such preparations were discarded. ' Incomplete ' virus was prepared as described later.
Haemgglutination titration. Titrations were carried out in plastic plates and the results read by the pattern method. Serial twofold dilutions of virus (0.25 ml.) were made in saline, and an equal volume of 0.5% (v/v) chick red cells added. The cells were allowed to settle and the agglutination endpoint taken as the tube showing partial (i.e. slight but clearly detectable) agglutination. Where the partial agglutination end-point was not visible it was obtained by interpolation. Since many workers have used 1% red cell suspensions, the titres obtained were adjusted so that they express the number of agglutinating doses per ml. of virus for 045 ml. of 1 yo red cells, Infectivity titration. In the preliminary titration serial tenfold dilutions of virus were prepared in chilled broth saline and 0.05 ml. amounts of 10-7, 10-0 dilutions were inoculated by the sllantoic route into groups of five 10-to 12-day eggs. In a second titration with virus stored at -65", 3.16-fold dilutions were chosen around the end-point and five groups of four eggs were used. The eggs were incubated for 72 hr. at 35" and then tested for agglutinins. The EID50 was calculated by the method of Reed & Muench (1938) and the average of the two titrations was used to calculate the number of EID501ml. of original material. Agreement between the two titrations was fairly good; on the average the second titration gave a value of 0.17 & 0.45 log units lower than the first.
Virus particle assay by spraying technique. A gun similar to that of Luria, et al. (1951) was used. It consisted of two concentric glass tubes, the inner tube being drawn out to a fine bore with uniform end cross-section of approximately 0.15 mm., and the outer tube having an inlet for air under pressure. A pressure of 20 lb./sq.in. was used and, to diminish turbulence, the specimen grids were mounted on a thin upright support at a distance of 11 in. from the tip of the gun. The preparation to be examined was mixed with a measured sample of the polystyrene latex suspension to give a final concentration of 3.1 x 1O1O latex particles/ml. Before spraying a few crystals of purified bovine serum albumin were added to give a concentration of about O.OOl~o (w/v) and this helped to mark the edges of the droplet patterns clearly. Preparations were mixed thoroughly by pipetting, sprayed immediately on to collodioncoated grids and shadowed with gold-manganin before being examined in the electron microscope. The gun was washed thoroughly with distilled water between the examination of various strains.
Counts were made of the number of influenza virus particles in individual drops, several hundred particles of each type being counted in each experiment. To test whether a particular ratio of influenza virus to latex particles was significantly constant throughout an experiment, the correlation coefficient ( r ) between the counts of particles of the two types in individual droplets was calculated. A high and significant correlation was found in all the experiments quoted (i.e. r > 0 -6 ; P < 0.01).
To test the specificity of the influenza virus particles counted, a measured sample of the infected allantoic fluid was absorbed with red blood cells as in the next technique. The supernatant from this was dialysed overnight against distilled water and then mixed with polystyrene latex and sprayed as above. Usually this absorption removed the great majority of virus particles from the allantoic fluid.
Virus particle assay by red cell absorption technique. Fowl red blood cells were haemolysed with saponin and washed thoroughly with phosphate buffered saline. Influenza-infected allantoic fluid was spun lightly to remove any blood cells or tissue debris and then mixed with the red cell ghosts. The ghosts were treated before contact with the virus with 0-001 M-sodium metaperiodate solution (Fazekas de St Groth, 1948) a treatment which modifies the receptors on the surface of the cell membrane in such a way that virus absorption is unimpaired while elution is almost completely prevented. Absorption and all subsequent washings were carried out a t 0". After an hour's contact with the infected allantoic fluid the cells were centrifuged at 2500 rev./min. for 5 min. and the supernatant fluid removed. The cells were then resuspended in phosphate buffered saline fixed in 0.1 yo osmic acid for min., washed with distilled water and mounted on electron microscope grids coated with collodion. The final distilled water washings were carried out at low speed (500 rev./min.) and the ghosts mounted carefully from very dilute suspensions so that flatly mounted cells relatively free from wrinkles and swelling of the nucleus were obtained. Specimens were examined in the electron microscope by direct transmission and after shadowing with goldmanganin. Counts were made of the average number of virus particles per red cell ghost assuming a random distribution of particles over the membrane. This assumption was justified by counts made of the numbers of particles present in ruled areas of the ghost surface; the distribution of particles in these areas did not differ significantly from that expected on the Poisson distribution (see P1. 2, fig. 4 ). Only those particles which cast a shadow were counted and identified as being on the top surface of the membrane. Areas to which particle counts referred were measured directly from the electron micrographs, by using transparent graph paper. In order to obtain an estimate of the total number of particleslred cell, the figure obtained was increased to allow for the total countable area, then increased by 15% to allow for the area masked by the nucleus, and finally doubed for the reverse side of the ghost. The total number of ghosts used in a particular preparation was counted in a haemocytometer cell and thus a figure was obtained for the number of virus particles in one ml. of the original allantoic fluid.
Electron microscopy. A Siemens Electron Microscope was used with 70p. objective aperture and an accelerating voltage of 50 kV. A magnification of 5000 on the screen was used for most micrographs. Some of the later micrographs were taken with a new Siemens machine using a 50p. objective aperture.
RESULTS
The results of electron microscopy are illustrated in P1. 1, figs, 1, 2 and P1. 2, figs. 3, 4. P1.l, fig. 1 , shows a microdrop containing influenza virus and latex particles, and a corner of this microdrop is shown a t a higher magnification in P1.1, fig. 2 . The latex particles are about 250 mp. in diameter and extremely regular in size and shape. The smaller virus particles, of about 100mp. diameter, could be counted easily after a little practice. They were of characteristic appearance and were removed from the microdrops by absorption with red cells; P1. 2, fig. 3 , shows the appearance after absorption with red cells. P1. 2, fig. 4 , shows the virus particles now adsorbed on the surface of the red cell ghost. In a few preparations, occasional clumps of about five to six particles were seen in sprayed material, but never in virus adsorbed on the red cell surface ; the particles in such clumps were counted individually. Occasional filaments were seen in preparations of MEL and incomplete PR8 virus, and they were common with A/England/l/51 virus; the filaments were counted singly. Counts of injiuenxa v i r u s particles 461 infectivity was measured at the beginning of the experiment under optimal conditions ; the ratio of virus particles/infective dose, obtained by dividing the first ratio by the second. Estimates of the ratio of particles counted/aggluti- Table 2 shows the ratio of the number of virus particles counted by the spray technique to the number of agglutinating doses/ml. of suspensions of four strains of influenza virus. The results of three experiments with each strain are presented and in addition preparations of ' incomplete ' virus (von Magnus, 1946) of strain PR8 were also examined. The ratios were surprisingly constant and, with two exceptions, varied between and lop3 with an overall mean of 1 0 7 2 1 . There was as great a variation between different measurements of a single strain as between different strains of virus. Counts of the number of red cells in 0.25 ml. of a 1 yo suspension of red cells gave figures of 1071 to 1072; hence we conclude that a t the agglutination end-point there was about one virus particle/red cell, with the strains we used.* The lowest ratio found was with a strain of A/England/l/51 virus in which there were numerous filamentous forms and we have other evidence to suggest that this factor may lower the ratio. Table 3 shows the ratio of infective doses (ID50)/agglutinating dose for the same preparations. The ratios in most experiments do not differ greatly from those found by other workers (e.g. von Magnus, 1951; , although two preparations of PR8 on repeated titration gave rather lower ratios, When these two preparations are excluded, the mean ratio of ID50 dosefagglutinating dose for the other 'complete' virus strains was * Dr R. W. Schlesinger and Dr G. Werner tell us that they have reached a similar conclusion from counts made by the red ceIl technique. 106'13. Slight differences in the ratio found by different workers might depend on the particular agglutination end-points used. The ' incomplete' PR8 was obtained by making three passages gf undiluted allantoic fluid at 24 hr. intervals (von Magnus, 1951) . The ratios obtained with 'incomplete' PRS have been consistently lower than those found with standard virus, but have never been so low as those obtained by von Magnus (1951) . This finding has been made in our laboratory on a number of occasions, and we do not yet know whether the difference from von Magnus's results is due to virus or egg variation, or to other causes. Table 4 shows the ratio of virus particles/ID50 dose for the same strains. With the standard strains the ratios found were all of the order of 10 particles/ID50 dose, and for 'incomplete' PRS the figure was about 1000.
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DISCUSSION
Measurements of the number of virus particles per infective dose with a strain of bacteriophage by Luria et al. (1951) showed that one virus particle corresponded roughly to one infective dose. Previously Friedewald & Pickels (1944) calculated that about ten virus particles corresponded to one infective dose. This figure was reached as a result of estimates of the weight of a virus particle from a knowledge of its particle size and density. However, their conclusion has not been generally accepted (e.g. Henle, 1950) . Their technique was similar to that of Smadel, Rivers & Pickels (1939) who found that, on the average, 4.2 vaccinia virus particles corresponded to one infective dose.
Another method of estimating the number of influenza virus particles/infective dose was that of Fazekas de St Groth who measured the percentage of eggs which became infected after inoculation with closely spaced dilutions of virus. Their experimental dosage-response curve was less steep than that of a theoretical curve based on the assumptions that one virus particle was sufficient to initiate infection and that there was no factor of Counts of influenza virus particles 463 host variation. They interpreted this result to mean that one virus particle might be sufficient to initiate infection but that there was also a factor of host resistance which tended to lower the probability of infection. However, the experimental result might equally be interpreted on the assumption that considerably more than one virus particle was required to initiate infection and that there was a correspondingly greater factor of host resistance. This interpretation has experimental support since Fulton & Armitage (1951) found that the slopes of the dosage-response curves in infectivity titrations of influenza virus by egg and tissue culture techniques did not differ significantly, although the tissue culture technique is roughly 40 times less sensitive than the egg technique. In view of this and of the present findings it may be, therefore, that some of the conclusions reached by Cairns, Fazekas de St Groth & Edney (1952) require re-interpretation.* One implication of our results concerns ideas about ' incomplete ' virus. Such a name now seems inappropriate if ten particles of 'complete' virus are required to initiate infection. At present we have no information on whether preparations of ' complete' and ' incomplete ' virus contain fully infective and fully non-infective virus in different proportions. It would seem more appropriate, therefore, in the present state of knowledge, to refer to preparations of virus as having a given probability of initiating infection. Thus, in our experiments standard virus would contain particles with a probability of about 0.1 and 'incomplete' virus, particles with a probability of about 0.001, of initiating infection. Description in these terms does not commit us to any theory of the mechanisms which govern the probability of initiating infection in advance of information.
Another implication of our results concerns the yield of virus from a single infective dose. Henle, Henle & Rosenberg (1947) found that, on the average, a single infective dose yielded about 100 infective doses after one ' cycle ' of multiplication; further 'cycles' were prevented by a 'blocking' dose of inactive influenza virus. In view of the present results it would appear that one infective dose, or ten virus particles, yielded about 1000 virus particles in a single cycle. Of the ten infecting particles, however, only one particle on the average would initiate infection. Hence, the 'burst size ', estimated as the number of virus particles resulting from infection by one virus particle in one 'cycle' of multiplication would be about 1000 on the average.
The methods which we have used for measuring the infectivity of influenza virus are the most sensitive in general use at present. However, Liu & Henle (1953) have shown that some eggs injected with small doses (&& ID50) of influenza virus may show no agglutinin after incubation for 72 hr. but may yet reveal virus on inoculation into further eggs. This finding, in keeping with the present results, focuses attention on the factors which govern the probability of initiating infection. Elucidation of these factors might help greatly the understanding of the processes of influenza virus multiplication. 
